Introduction {#sec1}
============

Food security depends on the availability of freshwater resources for agricultural production. Globally, ∼70% of freshwater is used annually for agricultural (food and nonfood) production. Climate change is projected to alter rainfall patterns and increase the occurrence of extreme weather events including more frequent droughts and floods ([@bib1]). A growing human population and rapidly changing diets, including greater consumption of animal source foods (ASFs), has resulted in increasing global water use in agriculture ([@bib2]). Identifying sustainable diets that promote health and minimize environmental impacts is increasingly important, and in this context, understanding the impact of food production and population-level dietary patterns on water use is critical for sustainable water management.

A growing body of literature suggests that in general a reduction in ASFs in the diet, particularly beef, poultry, and pork meat, corresponds with reduced environmental impacts and resource requirements ([@bib3]). However, reducing ASF content of diets does not always correspond with lower water use, especially if ASF items are replaced with foods such as fruits and pulses that can be more dependent on irrigation ([@bib7]). Additionally, there is large variability globally in the amount and type of water used in food production due to environmental and agricultural management factors ([@bib8]). The most commonly used metric for assessing water use is the "water footprint" (WF), which quantifies the volume of water consumed during the production of an item (in liters per kilogram) and can be separated into the blue WF (representing the use of groundwater and surface water) and the green WF (representing the use of rainfall) ([@bib9]). Crop WFs are primarily driven by evapotranspiration occurring in the field in which the crop is grown, whereas the WF of ASFs includes the evapotranspiration of feed crops and grazing lands as well as the animals' drinking and service water needs. A high blue WF means that large volumes of irrigation water are used during crop production. This can be a concern in areas where surface water and groundwater reserves are being unsustainably exploited ([@bib10]). A high green or total (green + blue) WF can indicate that crops have low yields or are inefficient in their water use. A low green and high blue WF suggests rainwater is being inefficiently used, which can lead to surface water and groundwater overexploitation. A previous systematic review assessed the water use of dietary patterns, but did not distinguish between green and blue water use nor did it consider spatial heterogeneity in WFs ([@bib5]).

The aim of this systematic review was to collate and synthesize the available data on the global water use of human diets. First, we identified the available literature assessing the relation between diets and water use through the WF, outlining the different data sources and models used. Second, we explored heterogeneity in dietary WFs across the world, considering both blue and green water use. Finally, we identified the food groups that are most important in determining dietary WF, and using data from identified studies, we estimated the WFs of different dietary patterns.

Methods {#sec2}
=======

Study selection and search strategy {#sec2-1}
-----------------------------------

We conducted this systematic review in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines ([@bib11]). Included studies assessed human (population) diets (intervention) and their WF (outcome), published in English from 2000 up to the date of the search (7 February 2018) (including dietary WF estimates from 1995 onwards). We searched 7 online databases covering the fields of environment, social science, public health, nutrition, and agriculture: Web of Science Core Collection, Scopus, OvidSP MEDLINE, EconLit, OvidSP AGRIS, EBSCO GreenFILE, and OvidSP CAB Abstracts. References of previous reviews ([@bib5], [@bib6]) were hand-searched for additional articles.

The search was conducted with predefined search terms that included the concepts "diets" and "water footprint" (see **[Supplemental Table 1](#sup1){ref-type="supplementary-material"}** for all database-specific searches). After duplicates were removed, potentially relevant studies were assessed for inclusion by 2 independent researchers (FH, CM), and discrepancies were discussed and agreed by consensus. Eligible study designs included observational and modeling studies that quantified WFs from the perspective of dietary intake or food availability (known as the "bottom-up approach" in WF accounting) ([@bib12]). Hence, we included studies that quantified diets through dietary intake surveys, food consumption and expenditure surveys, modeled dietary scenarios, and national food supply or availability accounts (amount of food available from production and imports after loss, exports, and other uses). Studies that only quantified future or projected dietary WFs were excluded.

Data extraction and quality assessment {#sec2-2}
--------------------------------------

Data extraction from eligible studies included reference information, study setting, data sources of diets and water use, modeling assumptions used to link diets and WF, WF of the diet(s) with units (green, blue, and total), information on dietary pattern(s), and the top 2 food groups or food items contributing to the dietary WF. Most studies provided multiple dietary WF estimates, for example, for different dietary patterns, countries, or timescales. Only dietary WF estimates from recent past (since 1995) or current diets were extracted. If exact dietary WFs were not available through the published article or [supplementary files](#sup1){ref-type="supplementary-material"} but were presented graphically, precise estimates were requested from the study\'s corresponding author. We wrote to 13 authors, of whom 7 responded and sent additional data. To estimate the contribution of food groups in the diet, percentages were calculated where possible for inclusion in analysis.

The majority of studies included in the review were modeling studies (i.e., combining data from primary or secondary data sources), so we appraised study quality following an adjusted appraisal tool based on the Critical Appraisal Skills Programme (CASP) Randomized Controlled Trials Checklist ([@bib13]) and the Questionnaire to Assess Relevance and Credibility of Modelling Studies ([@bib14]). Our adjusted appraisal tool included 10 criteria, with studies scoring either "0" for not fulfilled, "1" for fulfilled, or "NA" if not applicable. Each study included in the review was graded based on its score and converted to a percentage, with \<50% as low, 50--70% as medium, and \>70% as high. This information was used to perform a sensitivity analysis removing studies of low quality. Data extraction and quality assessment were carried out by 2 independent researchers (FH, CM), and discrepancies resolved by consensus.

Analysis {#sec2-3}
--------

We tabulated information on the following features of included studies: location of study, scale (global, multicountry, national, subnational), WF assessed (green, blue, or total), data source for diets and WFs, and model assumptions used to link diet and water data. Green, blue, and total dietary WFs were standardized (to liters per day per capita). Subnational, national, and regional dietary WF estimates were categorized by continent and summary statistics calculated. National mean green, blue, and total WFs were calculated from national and subnational diet WF estimates and mapped using ArcGIS Desktop (Version 10.5; Environmental Systems Research Institute, Inc). Values were separated into 5 categories using Jenks optimization, defined by minimizing the within-category deviation from the mean, and maximizing the between-category deviation ([@bib15]).

We explored the contribution of different food items to dietary WFs of each dietary pattern. Due to heterogeneity in study reporting and food groups assessed, we could not carry out a meta-analysis to explore the contribution of different food groups to the dietary WF. For example, studies reported food intake or availability in weighed amount (i.e., grams per day) or equivalent calories (i.e., kilocalories per day) and therefore could not be grouped. Additionally, some studies reported intake or availability based on specific food items (e.g., eggs or beef), whereas others reported in broad categories (e.g., ASFs). Therefore, we presented the top 2 contributing food groups or items to the dietary WF as stated in included studies. If available, percentage contributions were calculated, and, when multiple dietary WFs were estimated by the study, we recorded the range.

To assess the effect of diet pattern on the WF, we adopted a 1-step individual observation meta-analysis method using dietary WF estimates and diet pattern ([@bib16]). Studies were only included in the meta-analysis if they provided an exact estimate of dietary WF that could be standardized to liters per day per capita. Meta-analysis was carried out using mixed effects regression models with study identifier as a random effect to account for multiple estimates from the same study. Dietary WFs were not normally distributed and therefore all regression analyses were carried out using log-transformed values.

Dietary patterns evaluated in included papers were grouped into 4 major categories as follows (**[Supplemental Table 2](#sup1){ref-type="supplementary-material"}** gives full details of categorization): "Average" dietary patterns were those identified as current, baseline, or average intake in the included study. This category was used as the reference diet in statistical analysis."Healthy" dietary patterns were identified as such in the included study, therefore providing additional nutritional benefits when compared with average diets. These were typically national dietary guidelines \[e.g., German Nutrition Society ([@bib17]) or US Department of Agriculture ([@bib18])\], or other food or nutrient-based guidelines \[e.g., WHO ([@bib19])\]."Reduced animal source foods" included dietary patterns with lower consumption of ASFs than the average \[e.g., those identified as vegetarian, or with step decreases in ASF content (e.g., −10%, −25%, etc.)\]."No animal source foods" meant no animal products consumed (e.g., those identified as vegan).

A few studies (*n* = 5) reported "other" dietary patterns, which included a small set of highly heterogeneous patterns including diets consumed by tourists and scenario diets that minimized WFs. These estimates were excluded from the meta-analysis.

Several models were used to quantify differences in dietary water use of each dietary pattern compared with the "average" dietary pattern. The WF values were log-transformed and regression coefficients were exponentiated, giving the proportional difference in dietary pattern relative to the average. The baseline model included dietary pattern, WF, and study identifier as a random effect. The location-adjusted model also included study location as a covariate. The fully adjusted model also adjusted for study scale, source of diet data, and source of WF data. Sensitivity analysis was performed by rerunning the analysis excluding studies graded as low quality (*n* = 2) and excluding studies contributing a large number of estimates (\>500) (*n* = 2). It was not possible to test for publication bias, because SEs for the differences between the WFs of dietary patterns were not provided. All statistical analyses were conducted using STATA (v.15; StataCorp LP).

Results {#sec3}
=======

Of 6268 unique studies identified in the initial search, a total of 41 studies were identified as relevant and included in this review (**[Figure 1](#fig1){ref-type="fig"}**). An additional 14 studies assessed dietary water use through metrics other than the WF, and were not included in this review (**[Supplemental Table 3](#sup1){ref-type="supplementary-material"}**).

![Flowchart, indicating identification and selection of studies.](nmz091fig1){#fig1}

Study methods, context, and quality {#sec3-1}
-----------------------------------

The included studies used a variety of data sources and methods ([**Figure 2**](#fig2){ref-type="fig"}; full details of each study are provided in **[Supplemental Table 4](#sup1){ref-type="supplementary-material"}**). Current dietary patterns were analyzed in 32 studies, and 66% (*n* = 21) of these used data on national food availability from UN FAO food balance sheets (FBSs) to derive dietary patterns. Most studies (*n* = 36) obtained WF data from the WaterStat database. Over half of the studies (*n* = 23) assessed dietary WFs at the national level. China (*n* = 8) ([@bib29]) and the United States (*n* = 7) ([@bib26]) had the highest number of subnational studies. A total of 17 studies assessed dietary WFs in Europe, either at regional ([@bib41]), national ([@bib26],[@bib26]), or subnational levels ([@bib35][@bib52]). Only 4 studies reported WFs of diets in low- or middle-income countries, namely Uzbekistan, India, Tanzania, and Uganda ([@bib20]). One study quantified the dietary WFs for South Korea ([@bib58]). Two large studies estimated national-level dietary WFs globally (176 countries) ([@bib24], [@bib25]). Three studies quantified regional or global average dietary WFs ([@bib31]). A third of the studies assumed food was produced and consumed in the same area, and therefore the WFs of crop and livestock items were taken from that area (*n* = 16). Five studies accounted for food imports in their estimates of dietary WFs, but applied a global average WF value to imported items. Only 4 studies included models of food trade with weighted WFs based on countries of origin ([@bib26],[@bib26],[@bib26],[@bib26]).

![Characteristics of included studies: context, dietary and water use data, and quality (*n* studies = 41).](nmz091fig2){#fig2}

Of the 41 studies, 17 (41%) were graded as high quality and 9 (22%) as low quality ([Figure 2](#fig2){ref-type="fig"},**[Supplemental Table 5](#sup1){ref-type="supplementary-material"}**). Only 4 studies provided a measure of uncertainty or variance for dietary WF estimates ([@bib21], [@bib32]). The quality of estimates included in regression analysis was high because the majority of estimates came from 3 high-quality studies ([@bib51],[@bib24], [@bib25]).

Geographical variability in the WFs of current diets {#sec3-2}
----------------------------------------------------

The WF of "average" dietary patterns varied depending on country and region ([**Table 1**](#tbl1){ref-type="table"}, [**Figure 3**](#fig3){ref-type="fig"}). Regionally, the total and green dietary WFs of "average" dietary patterns were greatest in Europe and Oceania. North American and Asian dietary patterns had the lowest total and green WFs. African diets had the lowest per capita median dietary blue WF, of 163 L/d (IQR: 118--267 L/d), whereas the WFs of dietary patterns in Asia were nearly double this at 382 L/d (IQR: 239--663 L/d). "Average" dietary patterns in Asia also had the greatest blue WF as a percentage of total dietary WF. "Average" dietary patterns in Egypt and Uzbekistan were more dependent on blue than green water, with blue WF representing 54% and 52% of total WF, respectively. In all other countries, "average" dietary patterns were more dependent on green than blue water. The lowest dependency on blue water was in Chad and Eritrea, where only 2% of the total dietary WF was blue.

![National dietary total, green, and blue dietary WFs, and blue WFs as a percentage of the total WF. Values are the mean for the respective country including national and subnational estimates. Categories are defined by natural breaks ([@bib15]). WF, water footprint.](nmz091fig3){#fig3}

###### 

Summary of green, blue, and total WFs of the "average" dietary patterns in each continent^[1](#tb1fn1){ref-type="table-fn"}^

                  Green[^2^](#req-156639750135461840){ref-type="table-fn"} WF   Blue^[3](#tb1fn2){ref-type="table-fn"}^ WF   Total^[4](#tb1fn3){ref-type="table-fn"}^ WF                             
  --------------- ------------------------------------------------------------- -------------------------------------------- --------------------------------------------- ----- ------------------- -----
  Africa          2681 (2324--3159)                                             97                                           163 (118--267)                                98    2846 (2489--3471)   98
  Asia            2321 (1762--2779)                                             96                                           382 (239--663)                                98    2862 (2238--3541)   100
  Europe          2999 (2604--3642)                                             152                                          241 (159--366)                                153   3227 (2873--3792)   170
  North America   2370 (2108--2949)                                             51                                           220 (144--300)                                54    2617 (2252--3214)   51
  Oceania         2924 (2361--3402)                                             18                                           230 (220--322)                                18    3226 (2579--3632)   18
  South America   2735 (2013--3574)                                             25                                           202 (152--296)                                26    2932 (2322--3730)   25

WF, water footprint.

Volume of rainfall water consumed in the production of the diet.

Volume of ground and surface water consumed in the production of the diet.

Green and blue WFs combined.

Major foods contributing to the dietary WF {#sec3-3}
------------------------------------------

Data on the contribution of foods to WF were available in 30 studies (**[Supplemental Table 6](#sup1){ref-type="supplementary-material"}**). Here, food and food groups refer to both commodities as defined in FAO FBSs, as well as food ready for human consumption (see [Supplemental Table 6](#sup1){ref-type="supplementary-material"}). ASFs, particularly meats, were the major component of total and green dietary WFs of "average" dietary patterns. Cereals were the second most important foods for total and green dietary WFs. Plant-based foods, including cereals, nuts, and sugar, were the major components of blue WFs of "average" dietary patterns, although ASFs were still in the top 2 contributing foods in 5 out of the 10 studies. Switching to healthier diets changes the contribution of foods to the dietary WF. Plant-based foods feature as major contributors to total and green dietary WFs in 6 of 8 studies. Plant-based foods still dominated the blue WFs of healthy diets, with the inclusion of fruits as a major contributor.

The contribution of food groups to dietary WFs in "reduced ASF" or "no ASF" dietary patterns was only reported in 8 studies. In "reduced ASF" patterns, meat was usually reduced first before other animal products. Therefore, in the "reduced ASF" dietary patterns, the contribution to dietary WF of items such as milk increases relative to that of meat. Additionally, products such as tea and coffee become major contributors to the total dietary WF. Only 1 study reported the contribution of food to the dietary WF for the "no ASF" pattern; fruits and vegetables accounted for 34% of the dietary blue WF of this pattern in the United States ([@bib34]).

Meta-analysis of dietary patterns and water use {#sec3-4}
-----------------------------------------------

In total, 1964 individual dietary WF estimates from 36 studies were available for inclusion in the meta-analysis to determine the WF of different dietary patterns ([**Figure 4**](#fig4){ref-type="fig"}, **[Supplemental Tables 7--9](#sup1){ref-type="supplementary-material"}**). Five studies reporting 28 estimates were excluded from the meta-analysis, because it was not possible to convert reported dietary WF estimates to liters per day per capita ([@bib37], [@bib40],[@bib40],[@bib40], [@bib23]). Compared with "average" dietary patterns, "healthy" dietary patterns, "reduced ASF" dietary patterns, and "no ASF" dietary patterns had significantly lower total and green WFs ([Figure 4](#fig4){ref-type="fig"}). Adjusting for study location and other characteristics improved the precision of the models, suggesting there is some variability in the size of relation depending on study context. The WF of the "no ASF" pattern differed most markedly from the "average" pattern, with the total WF 25.2% lower after adjusting (95% CI: −27.1, −23.1; *P* \< 0.001) and green WF 26.1% lower after adjusting (95% CI: −28.1, −24.1; *P* \< 0.001). The healthier patterns had a slightly lower total WF (adjusted percentage difference: −6.0%; 95% CI: −7.9, −4.2; *P* \< 0.001) and green WF (adjusted percentage difference: −5.9%; 95% CI: −7.7, −4.0; *P* \< 0.001) than that of "average" dietary patterns. We found no evidence of a difference between the blue WF of "healthy" and "average" dietary patterns, even after adjusting for study location and characteristics. In the fully adjusted model there was evidence that "no ASF" and "reduced ASF" dietary patterns had lower blue WFs compared with the "average" dietary pattern (adjusted percentage difference: −11.6%; 95% CI: −14.5, −8.6; *P* \< 0.001, and −5.6%; 95% CI: −7.6, 3.4; *P* \< 0.001, respectively). However, this varied from the unadjusted model suggesting the relation is dependent on study location.

![Forest plots with coefficient estimates from the mixed effects regression of diet pattern and (A) total WF, (B) green WF, and (C) blue WF. Values represent the percentage differences (95% CI) in dietary WF for each of the 3 dietary patterns compared with the average dietary pattern; *n* studies = 32 (total), 20 (green), and 24 (blue); *n* estimates = 1933 (total), 1834 (green), and 1895 (blue). In all graphs the 0 line represents the "average" dietary pattern. Study identifier was used as a random effect, and the fully adjusted model included study location, scale, and source of WF data. WF, water footprint.](nmz091fig4){#fig4}

Findings from sensitivity analysis that excluded studies of low quality did not differ from the original analysis. Sensitivity analysis that excluded the 2 large studies that each provided \>500 dietary WF estimates, reduced the robustness of the findings largely due to reduced data availability ([Supplemental Tables 7--9](#sup1){ref-type="supplementary-material"}).

Discussion {#sec4}
==========

Summary of findings {#sec4-1}
-------------------

This systematic review reports the available published evidence assessing the relation between human diets and the water used in their production. The average WF of diets ranged from 616 to 8075 L/d per capita for green water, 40 to 2450 L/d per capita for blue water, and 688 to 8341 L/d per capita for the total water use. Our review identified large geographical differences in the water use of diets: green WFs of diets were greatest in Europe, whereas blue WFs of diets were greatest in Asia. ASFs were major contributors to green and total WFs, whereas plant-based foods were more dominant in the dietary blue WFs. Our new analysis, including data from 36 studies, suggests that switching from current "average"' dietary patterns to "healthier" diets would result in decreased green WFs, but might not reduce blue WFs. Compared with "average" dietary patterns, reducing the ASF content of diets would reduce green WFs, and in most cases blue WFs.

Research in context {#sec4-2}
-------------------

To our knowledge, this is the first global systematic review of the WFs of diets. We included 41 relevant articles that reported 1964 WF estimates from 176 countries and were able to compare the blue, green, and total WFs of different dietary patterns. By combining estimates from multiple studies, we assessed the spatial variability in dietary WFs and provided summary estimates by continent. Considerable heterogeneity exists in the total water use of diets and in the relative proportions of green and blue WFs to total WFs. Some of this variation can be attributed to local climate and agricultural management factors. For example, dietary blue WFs were much greater in areas such as the Middle East where there is limited rainfall and a greater need for irrigation. Additionally, our review highlighted that differences in composition of the diet could explain some of this variation. ASFs were the main contributor to the total WF of diets, and total dietary WF was greater in areas with high ASF consumption, such as Europe and Oceania, compared with the global average ([@bib61]).

Concurrently, our study demonstrated that switching to diets with "no ASF" from current "average" dietary patterns would decrease total WF by 25% and blue WF by 12%. The total WFs of "reduced ASF" dietary patterns were also lower than "average" patterns. Dairy products typically have a lower WF than meat ([@bib42]), and the reduced ASF patterns often substituted the meat with dairy products, oil crops, and pulses. One previous review that assessed dietary WFs in 8 mostly high-income countries, also reported that vegetarian diets had lower total WFs compared with current habits, and that changing to healthier dietary patterns would result in a median reduction in total dietary WF of 18% ([@bib5]). Our new analysis includes data from 176 countries and is therefore more representative of global food systems. Our estimate of the potential for healthier dietary patterns to reduce total WF was lower (−6.0%; 95% CI: −7.9, −4.2), perhaps reflecting the greater diversity in current "average" diets. For example, particularly in low-income settings, diets might need to increase their ASF content to achieve nutritional adequacy, thereby concomitantly increasing the dietary WF ([@bib61], [@bib62]). Our study shows that "healthier" diets have blue WFs similar to "current" dietary patterns. Plant-based foods that are important components of healthy diets, such as fruits, oils, and nuts, were major contributors to dietary blue WFs ([@bib63]). Production of these crops, and therefore healthy diets, could be sensitive to declining groundwater or surface water availability where this might limit irrigation ([@bib64]).

Strengths and limitations {#sec4-3}
-------------------------

By pulling together the available evidence on dietary WFs, this review adds to the growing literature on the environmental impacts of human diets, and the potential for dietary change to reduce this impact. We systematically sought and reviewed the available evidence from 7 databases and identified significantly more studies than previous reviews ([@bib4], [@bib5]). We prespecified inclusion criteria, and 2 independent reviewers assessed each publication for relevance. We included studies that modeled diets, but did not include studies that assessed the WFs of diets projected into the future, due to the associated uncertainties of such projections ([@bib65], [@bib66]). Several indicators have been applied to assess the relation between diets and water use. The available evidence base is dominated by the WF and this review did not incorporate findings that used alternative metrics of water use.

Dietary WF assessments predominantly rely on 2 major open data sources \[FAOSTAT FBSs ([@bib67]) and WaterStat ([@bib42], [@bib68])\] that both have limitations. The FBSs report data on per capita food availability at the national level, and although these data are frequently used as a proxy for individual dietary intake, they typically overestimate actual dietary intake ([@bib69]) and can therefore overestimate dietary WFs. Data from WaterStat are relatively outdated (1996--2005), and make use of globally gridded databases that might not adequately account for variation. For example, the database on ASFs relies on estimates aggregated to geoeconomic region such as Asia or member countries of the Organization for Economic Cooperation and Development (OECD) ([@bib42]). To accurately estimate dietary WFs an understanding of where the food is produced and consumed is needed, and yet a third of studies (*n* = 16) did not incorporate any information on food trade in their models. Our analysis used location of where the diet would be consumed, rather than location of crop production, to estimate spatial variability in WFs, and we recognize that this will have underestimated the variability in WF. Furthermore, because the available published literature has mainly focused on high-income settings, there is limited representation of production systems in low- and middle-income countries, which might have different WFs. For example, the type of livestock system can affect both the type and amount of water used by the feed products, and therefore the associated WF of the ASF ([@bib70]). These differences have not been explored here.

Poor reporting of methods, modeling approaches, and data sources were all common in the included studies, and there was a lack of uncertainty estimates. Sensitivity analysis removing studies of low quality did not lead to any differences in the interpretation of our regression results. The challenge of diverse reporting standards across academic disciplines and subsequent synthesis has been identified in previous interdisciplinary reviews ([@bib3]). Finally, our meta-analysis was particularly dependent on 2 large studies from the same author group ([@bib24], [@bib25]), and as highlighted above, the majority of studies were focused on high-income settings. This identifies the need for more evidence on dietary WFs to be generated by academic groups around the world.

Policy relevance and further research needs {#sec4-4}
-------------------------------------------

By synthesizing the available literature, we provide estimates for the WFs of human diets for each continent. This is important for food security and environmental sustainability, because considerable spatial heterogeneity exists, which indicates both solutions and risks. For example, dietary blue WFs in Asia were found to be particularly high. Water scarcity in this region is a concern because groundwater resources are depleting in some areas, and climate change could disrupt normal patterns of rainfall and irrigation water supply ([@bib10], [@bib71], [@bib72]). Changing dietary habits in Asia therefore could be insufficient to reduce local water use, unless coinciding with improved water management in agriculture ([@bib7], [@bib73]). Instead, improvements to nutritional status could be achieved through switching to more nutrient-dense and water-efficient crops. For example, it has been shown that cereals such as maize, millet, and sorghum could be grown instead of rice and wheat in India ([@bib74], [@bib75]). Countries could also import food from water-abundant regions.

Our findings also demonstrate that changes to current dietary patterns could be beneficial for both health and water sustainability. Healthy diets have a lower total WF compared with current patterns, and reducing ASFs could further decrease this. However, the evidence for blue WFs was not well defined. Fruit, nuts, and vegetables were major components of dietary blue WFs, particularly in healthy patterns. Literature on sustainable diets has generally focused on the importance of reducing ASFs to reduce environmental impacts ([@bib63]). Future research needs to consider fruits, vegetables, and nuts in more detail, particularly because an increase in production is required to meet healthy dietary guidelines globally ([@bib76]).

To understand the full impact of consumers on water resources, water use must be linked to local water availability, particularly in areas where water demand is growing and climate change threatens supply. Some studies are now using a water scarcity--weighted footprint metric for this purpose ([@bib28], [@bib77]), but such studies remain relatively rare. Additionally, food trade must be considered in future research, because it affects dietary WF calculations and could offer potential solutions to reduce local WFs in areas of water scarcity. Development of new technologies to record food supply chains will enable more accurate assessments of WFs in the future, and will help to inform policy and consumer decisions.
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